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PREFACE * . . v  1. 
This r epor t  was prepared wi th in  the  E lec t ron ic s  Technology Laboratory 

of t h e  Georgia Tech Engineering Experiment S t a t i o n .  

of a prel iminary i n v e s t i g a t i o n  i n t o  t h e  coupl ing of l i g h t n i n g  t r a n s i e n t s  t o  

underground cab le s  a t  Kennedy Space Center (KSC). This i n v e s t i g a t i o n  repre-  

sen ts  t h e  i n i t i a l  phase of a s tudy  of t h e  techniques for measuring t r a n s i e n t s  

on cab le s  and f o r  mathematically analyzing t h e  coupl ing of t r a n s i e n t s  t o  

cables .  

and a n a l y s i s  techniques t h a t  w i l l  permit  t r a n s i e n t s  on c a b l e s  t o  b e  c o r r e l a t e d  

wi th ,  and predic ted  from, the  occurrence of nearby l i g h t n i n g  d ischarges .  

It p r e s e n t s  t h e  f ind ings  

The o v e r a l l  o b j e c t i v e  of t h e  s tudy  is t o  d e f i n e  t h e  ins t rumenta t ion  

This  program w a s  conducted i n  accordance with Contract  NAS10-9210 and 

was under the  gene ra l  supe rv i s ion  of Mr. D. W. Robertson, Laboratory Di rec to r ,  

and M r .  H. W. Denny, Head of t he  Electromagnet ic  Compat ib i l i ty  Group. M r .  

J. A. Woody was the  P ro jec t  Di rec tor .  

The au thors  wish t o  express  t h e i r  apprec i a t ion  t o  Mr. W i l l i a m  Ja f fe r i s ,  

KSC Technical  Representat ive,  and M r .  David P e r a l e s  of KSC for t h e i r  suppor t  

and assistance i n  conducting t h i s  i n i t i a l  i n v e s t i g a t i o n .  
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1. INTRODUCTION 

Kennedy Space Center (KSC) is l o c a t e d  i n  an area of v e r y  h igh  thunder-', 

s to rm ac t iv i ty - - the  average number of thunderstorm days p e r  y e a r  is more 

than  80. 

a l a r g e  number of d i r e c t  s t r i k e s  t o  f a c i l i t i e s  and t o  e a r t h  as w e l l  as 

i n d i r e c t  cloud-to-cloud d ischarges  can be  expected. 

can induce vo l t age  surges  t o  any underground cab le s  t h a t  may b e  nearby. 

KSC, an e x t e n s i v e  underground network of c a b l e s  ( s i g n a l ,  c o n t r o l ,  and power) 

e x i s t s  t o  provide f u n c t i o n a l  support f o r  t h e  launch f a c i l i t i e s .  

I n  t h i s  area where numerous l i g h t n i n g  d i scha rges  occur  each y e a r ,  

Both types of d i scha rges  

A t  

On t h e s e  

cab le s  , l ightning-induced 'vol tage surges can produce erroneous i n d i c a t i o n s  
& 
T of malfunct ions,  r e s u l t i n g  i n  unnecessary launch de lays .  , N o  needs e x i s t  t o  

he lp  reduce t h e s e  l i gh tn ing - re l a t ed  de lays .  One need is f o r  a method t o  

c o r r e l a t e  su rges  on t h e  underground c a b l e s  w i t h  l i g h t n i n g  d i scha rges  a t  KSC; 

another  need is f o r  a method of p red ic t ing  cab le  su rges  knowing t h e  r e l a t i v e  

l o c a t i o n  and c h a r a c t e r i s t i c s  of a p a r t i c u l a r  l i g h t n i n g  d i scha rge .  

I n  order  t o  develop t h e s e  c o r r e l a t i o n / p r e d i c t i o n  methods, bo th  l i g h t n i n g -  

r e l a t e d  informat ion  and c a b l e  d a t a  must be obta ined  and analyzed.  

l i gh tn ing - re l a t ed  informat ion  includes (1) t h e  c h a r a c t e r i s t i c s  (rise t i m e ,  

peak c u r r e n t ,  e t c . )  of l i g h t n i n g  discharges and of t r a n s i e n t s  on underground 

c a b l e s ,  and (2) t echniques  t o  l o c a t e  t h e  d i scha rges  and t o  ana lyze  t h e  coupl ing 

phenomenon. 

type of c a b l e s ,  t h e i r  e l e c t r i c a l  c h a r a c t e r i s t i c s ,  and t h e i r  rou t ing .  

The r equ i r ed  

I n  a similar manner, t he  r equ i r ed  cable  d a t a  c o n s i s t s  of t h e  

A cont inuing  e f f o r t  t o  de f ine  some of t h e  l i g h t n i n g - r e l a t e d  informat ion  

has been undeway f o r  s e v e r a l  years  a t  KSC. This e f f o r t  i nc ludes  t h e  develop- 

ment and ope ra t ion  of KSC l i g h t n i n g  in s t rumen ta t ion :  

and Ranging (LDAR) system and a f i e l d  m i l l  network. The LDAR system maps 

t h e  space-time h i s t o r y  of e l e c t r i c a l  d i scha rges  in clouds bv measuring t h e  

t i m e  of arrival of pu l se  R€ emissions (30 t o  50 MHz) a t  s e v e r a l  widely sepa ra t ed  

antennas.  

l o c a t i n g  and measuriflg cloud-to-ground l i g h t n i n g  d i scha rges .  

m i l l  network u t i l i z e s  nume;'bus e l e c t r i c a l  f i e l d  s e n s o r s  d i s t r i b u t e d  over t h e  

KSC complex t o  measure t h e  e l e c t r o s t a t i c  f i e l d  i n t e n s i t i e s  and t h e  changes 

in t h e s e  f i e l d s .  

of e q u i p o t e n t i a l  g r a d i e n t  contours in t* the  v i c i n i t y  of KSC a r e  generated.  

a Lightn ing  Detec t ion  

The system h a s  been'modified t o  a l s o  provide a c a p a b i l i t y  for 

The f i e l d  

The e l e c t r i c  f i e l d  d a t a  are analyzed and computer p l o t s  

A 



These contours provide  another  method f o r  l o c a t i n g  cloud-to-ground l i g h t n i n g  

d ischarges .  

I n  a d d i t i o n  t o  t h e  KSC l i gh tn ing  in s t rumen ta t ion  e f f o r t ,  KSC is hos t ing '  

t h e  Thunderstorm Research I n t e r n a t i o n a l  Program (TRIP) for 1976, 1977, and 

1978. TRIP c o n s i s t s  of l i g h t n i n g  and thunderstorm s t u d i e s  conducted by 

atmospheric s c i e n t i s t s  gathered a t  KSC dur ing  t h e  pe r iods  of h i g h e s t  l i g h t n i n g  

a c t i v i t y .  KSC provides  suppor t  for t h i s  program by o p e r a t i n g  t h e  LDAR system 

and t h e  f i e l d  m i l l  network. KSC expects t o  u t i l i z e  t h e  informat ion  c o l l e c t e d  

by t h e  TRIP atmospheric  s c i e n t i s t s  as a n  a i d  i n  l o c a t i n g  cloud-to-ground 

s t r i k e s  and v e r i f y i n g  t h e  accuracy of t h e  KSC l i g h t n i n g  ins t rumenta t ion .  

As t h e  i n i t i a t i o n  of a l a r g e r  program t o  d e f i n e  t h e  remaining l i gh tn ing -  

r e l a t e d  information and cab le  d a t a  and t o  develop t h e  needed c o r r e l a t i o n /  

p r e d i c t i o n  techniques ,  t h e  prel iminary i n v e s t i g a t i o n s  descr ibed  in t h i s  

r e p o r t  were performed. These preliminary i n v e s t i g a t i o n s  cons i s t ed  of a 

one week analysis/familiarization survey a t  KSC, t h e  o rgan iza t ion  and b r i e f  

a n a l y s i s  of the i n f o r m a t i o d d a t a  obtained, and a review of  a Georgia Tech 

developed mathematical l ightning-surge coupl ing model. This i n i t i a l  inves-  

t i g a t i v e  e f f o r t  w a s  intended t o  provide e s s e n t i a l  background material f o r  

t h e  later program. 

During t h e  s u n e y ,  a f i r s t - c u t  i d e n t i f i c a t i o n  was performed of t h e  

l o c a t i o n  and type  of c a b l e s  t h a t  have been instrumented t o  measure and record  

t r a n s i e n t s .  Discussions wi th  various s i t e  personnel  were he ld  t o  o b t a i n  t h e  

approximate r o u t i n g ,  type,  and length of t h e s e  s p e c i f i c  cab le s .  I n  a d d i t i o n ,  

s e v e r a l  cab le  p l a n t  drawings were reviewed and copies  of s e l e c t e d  drawings 

were obtained. Also dur ing  t h e  survey, t h e  s p e c i f i c  su rge  ins t rumenta t ion  

employed on t h e  c a b l e s  w a s  i d e n t i f i e d .  I n  each i n s t a n c e ,  t h e  instrument 

manual w a s  reviewed and t h e  opera t ion  of t h e  ins t rument  w a s  d i scussed  wi th  

s i t e  personnel.  As t h e  f i n a l  p a r t  of t h e  survey, i n i t i a l  s t e p s  were taken 

toward de f in ing  t h e  l igh tn ing- re la ted  d a t a  t h a t  is  be ing ,  and has  prev ious ly  

been, co l l ec t ed .  To supplement t he  on-going e f f o r t  a t  KSC, t h e  major emphasis 

i n  de f in ing  t h i s  l i gh tn ing - re l a t ed  data w a s  d i r e c t e d  toward an examination 
of c a b l e  t r a n s i e n t s .  .. . I . . .- 

Following t h e  survey t r i p ,  the mathematical su rge  coupl ing model devel- 

oped a t  Georgia Tech w a s  reviewed. 

assumptions, and t h e  l i m i t a t i o n s  "for chis model, were def ined .  

The inpu t  d a t a  requirements ,  t h e  b a s i c  

.. 
e .  
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2. SUMMARY OF FINDINGS 

2.1 Instrumented Cables 

A t  KSC, seven r e p r e s e n t a t i v e  underground s i g n a l l c o n t r o l  l i n e s  are pre- 

s e n t l y  instrumented t o  measure and record induced t r a n s i e n t s .  Each i n s t r u -  

mented l i n e  is one p a i r  of a m i l t i p a i r  cab le ;  each cab le  is  routed  i n  duc t  

banks or d i r e c t l y  bur ied  wi th  o ther  s imilar  cables. The c a b l e s ,  however, 

are n o t  n e c e s s a r i l y  loca t ed  i n  t h e  same relat ive p o s i t i o n  w i t h i n  t h e  d u c t  

banks o r  i n  t h e  e a r t h  through o u t  the cab le  run. 

is d i s t r i b u t e d  over t h e  KSC complex i n  such a manner so as t o  r e p r e s e n t  t h e  

r o u t i n g  of t h e  ma jo r i ty  of t h e  e x i s t i n g  cables .  

of l i n e s  instrumented: (1) wide-band twinax ia l  l i n e s  (two each)  a s s o c i a t e d  

wi th  t h e  Lightning Detec t ion  and Ranging (LDAR) system and (2) twis ted-pa i r  

l i n e s  ( f i v e  each) a s soc ia t ed  wi th  t f i e l d  m i l l  network. Each tw inax ia l  

l i n e  c o n s i s t s  of a n  o u t e r  s h i e l d  and two No. J6 AWG conductors  a p p r o p r i a t e l y  

spaced t o  provide a cons t an t  impedance. This sh i e lded  l ine and o t h e r  l i n e s  

are enclosed i n  a common l ead  sheath.  These tw inax ia l  l i n e s  are normally 

used f o r  h igh  speed d a t a ,  v ideo ,  and RF signals. Each twis ted-pa i r  l i n e  

c o n s i s t s  of two No. 19 AWG conductors and i s  combined wi th  o t h e r  similar 

p a i r s  i n t o  a m u l t i p l e  conductor cable. (Some of t h e s e  m u l t i p l e  conductor 

cab le s  have o v e r a l l  s h i e l d s  and some do not . )  These twis ted-pa i r  l i n e s  are  

normally used f o r  slow d a t a  rate,  audio, and c o n t r o l  s i g n a l s .  The seven 

instrumented l i n e s  are no t  cu r ren  l y  used f o r  any o t h e r  purpose.  

The r o u t i n g  of t h e s e  c a b l e s  

There are two b a s i c  types  

4 

- 
(The d a t a  obtained dur ing  t h  1 survey is  n o t  s u f f i c i e n t  t o  ‘de f ine  t n e  

e l e c t r i c a l  c h a r a c t e r i s t i c s  of t h e  cables .  Information on t h e s e  charac te r -  

i s t i c s  is requ i r ed  f o r  input  t o  the  su rge  coupl ing model (see Sec t ion  2.3). 
F u r t h e r  e f f o r t s  w i l l  b e  necessary  t o  o b t a i n  t h i s  in format ion  p r i o r  t o  us ing  

t h e  model.) 

One end of each tw inax ia l  l i n e  is terminated wi th  a r e s i s t i v e  load  

(see Sec t ion  2.2) on t h e  primary frame a t  i t s  r e p e a t e r  s i t e ;  t h e  o t h e r  end 
‘1 . 

of each l i n e  t e rmina te s  i n @  monitoring instrument  i n  t h e  Cen t ra l  Instrumen- 

t a t i o n  F a c i l i t y  (CIF) Operat‘ions Building. 

end of one of t h e  tw inax ia l  l i n e s  is i n  t h e  Vehic le  Assemblv Building 

Repeater (VABR) loca ted  northwest .of  t h e  CIF Operat ions Building.  This  l i n e  

The remote ( r e s i s t i v e l y  loaded)  

A. 

3 



is  routed t o  t h e  Communications Di s t r ibu t ing  and Switching Center (CDSC 

i n  duc t  banks p a r a l l e l  t o  and s l i g h t l y  east of Kennedy Parkway ( s e e  F igure  1). a 
: 

From t h e  CDSC, t h e  l i n e  is routed  t o  t h e  CIF b u i l d i n g  via Manholes 002, 
137, 019, 021, and 025. The l i n e  then goes through Room 1 6 1  of t h e  CIF 

b u i l d i n g  t o  Manhole 126; from t h i s  po in t ,  t h e  l i n e  proceeds a long  t h e  w e s t  

s i d e  of t h e  access  road t o  t h e  CIF Operations Building. 

l i n e  begins  a t  t h e  Banana River Repeater S i t e  (BRRS) which is sou theas t  of 

t h e  CIF Operat ions Building as shown i n  F igure  2. This  cab le  is routed  

from t h e  BRFS through a duct bank along t h e  n o r t h  s i d e  of NASA Parkway. 

Where t h e  Parkway becomes a divided highway, t he  duc t  bank c r o s s e s  t o  t h e  

median and i s  routed  t o  t h e  CDSC through Manholes 003 and 002. 

t o  t h e  CIF Operat ions Building, t h e  r o u t i n g  is  as desc r ibed  above. 

The o t h e r  tw inax ia l  

From t h e  CDSC 

I n  a s i m i l a r  manner, one end of each of t h e  f i v e  instrumented twis ted-  

p a i r  l i n e s  is  r e s i s t i v e l y  terminated a t  a discont inued  f i e l d  m i l l  s i t e  

(former S i t e ;  1, 3, 4, o r  24). The f i e i d  m i l l s  t h a t  were l o c a t e d  a t  these  

s i t e d  have b. en r e loca ted  a t  f o u r  new s i tes  with t h e  same numbers. ( I n  t h e  

fo l lowing  pa iagraphs ,  s p e c i f i c  s i t e  numbers a r e  f o r  t h e  d iscont inued  f i e l d  

m i l l  s i t es . )  The r e s i s t i v e  termination on t h e  instrumented l i n e s  is made 

at  a j u n c t i o n  t e rmina l  box on t h e  perimeter of t h e  a s s o c i a t e d  d iscont inued  

f i e l d  m i l l  site. The o t h e r  end of each l i n e  i s  terminated i n  monitoring 

in s t rumen ta t ion  i n  t h e  Launch Control Center (LCC).  

t 

S i t e  1 i s  loca ted  a t  Playalinda Beach, n o r t h e a s t  of t h e  LCC as shown on 

Figure  3. The twis ted-pa i r  l i n e  from t h i s  s i t e  is  i n  a d i r e c t l y  bur ied  
c a b l e  which i s  routed along t h e  east  s i d e s  1 Jf Beach Road and Old Cape Road 

t o  t h e  Beach Te,minal Bui ld ing  (BTB). The l i n e  goes s t r a i g h t  through t h e  

primary frame i n  t h e  BTB and ex i t s  the b u i l d i n g  through Manhole 373. From 

t h i s  p o i n t ,  t h e  cable  passes near  the n o r t h e a s t  corner of Launch Pad 39A 
and a long  t h e  n o r t h  s i d e  of t h e  Crawlerway through Manholes 372, 375, 364, 
and 350. The cable  e n t e r s  t h e  no r theas t  corner  of t h e  LCC v i a  Manhole 419. 

Between t h e  BTB and t h e  LCC t h e  cable i s  loca ted  i n  a duc t  bank. 

S i t e  4 is  locadqd approximately 19,000 f e e t  south  of S i t e  1, as shown 

From S i t e  4 '&- t he  LCC, t h e  r o u t i n g  pa th  i s  common wi th  t h a t  on F igure  4. 

of t h e  twis ted-pa i r  l i n e  from S i t e  1. - -  

S i t e  3 is loca ted  northwest of t h e  LCC near  Weather Tower No. 12 as 

shown on F igure  5 .  The twisted-pair  l i n e  from t h i s  s i t e  i s  routed i n  a 
', 

-A 
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CIF Bldg 
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Figure 1. Routing of the Wide-Badd Twinaxial Line from the  VABR to  the CIF 
Operations Building . I  
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D e t a i l  A 

Figure 2.  Routing of the Wide-Band Twinaxial'-Line from the BRRS t o  the  CIF 
Operations Building. 
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Detail A 

Figure 3 .  Routing of the Twisted-Psi;, Line from Old F i e l d  Mill S i t e  1 t o  LCC. 
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Figure 4. Routing of the Twisted-Pair'Line frotn.Old Field Mill Site 4 to LCC. 
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d i r e c t l y  bur ied  cable  loca t ed  on the n o r t h  s i d e  of T i t u s v i l l e  Road t o  

Kennedy Parkway. 

and Manhole 330 near  t h e  VABR. 

duc t  bank t o  t h e  primary frame in  t h e  VABR via Manhole 331. The cab le  i s  ' 

routed  i n  a duct  bank from t h e  VABRto t h e  northwest  comer of t h e  LCC v ia  

Manholes 331, 337, and 417. 

It is then  routed through Manhole 600 a t  Wilson's Crossing 

From Manhole 330, t h e  c a b l e  goes through a . 

S i t e  24 is loca ted  near  Weather Tower No. 5 ,  g e n e r a l l y  s o u t h  of t h e  LCC, 

as shown on F igure  6. 

t h e  LCC. These two l i n e s  are i n  cables loca ted  i n  a duc t  bank on t h e  sou th  

and east s i d e s  of TEL 4 road t o  Manhole 076 a t  Kennedy Parkway. 

bank is then  routed  a long  t h e  east  s i d e  of Kennedy Parkway and south  s i d e  of 

NASA Parkway t o  t h e  CDSC v i a  Manholes 049, 044, 041, 019, 137, and 001. The 

twis ted-pa i r  l i n e s  go through t h e  primary frame i n  t h e  CDSC and e x i t  i n  

Manhole 001. The cables  conta in ing  t h e s e  twis ted-pa i rs  are routed  i n  a 

duct  bank from t h e  CDSC t o  t h e  VABR v i a  Manholes 001, 302, 320, 330, and 331. 

Again, t h e  twis ted-pa i rs  go through a primary frame i n  t h e  VABR and are 

loca ted  i n  t h e  duct  bank which passes through Manholes 331, 337, and A17 t o  

t h e  northwest  corner  of t h e  LCC. 

Two twisted-pair  l i n e s  are routed  from t h i s  s i t e  t o  

The duct  

The cab le s  conta in ing  t h e  twinaxial  l i n e s  and twis ted-pa i r  l i n e s  inc lude  

double taped armoured (DTA), s t a l p e t h  (a type of impregnated paper ) ,  and 

p l a s t i c  i n s u l a t e d  cab le s  (PIC). However, t h e  exac t  l o c a t i o n  of each type 

and i t s  e l e c t r i c a l  c h a r a c t e r i s t i c s  was no t  determined. Routings of duc t  

banks and d i r e c t l y  bur ied  cab le s  appeared t o  be roughly p a r a l l e l  t o  roadways 

except as ind ica ted .  A more exac t  determinat ion of cable l o c a t i o n s  can 

be made from Federa l  E l e c t r i c  Corporation (FEC) Drawing No. FEC/SOCA-1001 

e n t i t l e d  "Underground Conduit Schematic and Buried Cable Area Map 

2 . 2  Trans i en t  Ins t rumenta t ion  

A s  noted above, record ings  of the t r a n s i e n t s  induced on t h e  twinaxia l  

l i n e s  and on t h e  twisted-pair  l i n e s  by l i g h t n i n g  d i scha rges  are made i n  t h e  

CIF Operat ions B u i l h n g  and the Launch Control  Center ,  r e spec t ive ly .  Tran- 

s i e n t s  on t h e  tw inax ia l  lii& are recorded us ing  a d i g i t a l  t r a n s i e n t  re- 

corder  (Biomation Model 8100) whi le  t r ' ans ien ts  on t h e  twisted-pair  l i n e s  

are recorded d i r e c t l y  on magnetic. tape. 

I 
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Figure 6. Routing of the Twisted-Pair Line from’Old Field Mill Site 24 to LCC. 
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The instrumentat ion se tup  f o r  t h e  two twinaxia l  l i n e s  is  shown i n  Figure 

7. A t  t h e  repea ter  s i tes  (VABR and B M ,  see Figures  1 and 2) ,  each twin- 

axial  l i n e  is terminated wi th  a 124-ohm r e s i s t o r  t o  r e p r e s e n t  t h e  load t h a t  . 
would normally be p re sen t  on such a l i n e .  On t h e  o t h e r  end, 124 0-to-50 I 

impedance-matching t ransformers  are connected t o  both  l i n e s .  

c h a r a c t e r i s t i c s  of t hese  t ransformers  were no t  e s t a b l i s h e d  - they  are thouFht 

t o  be  s tandard s i g n a l  t ransformers  i d e n t i f i e d  as "197 c o i l s "  by KSC s i t e  

personnel . )  The ou tpu t s  of t h e  t ransformers  are connected t o  v ideo  d i s t r i -  

b u t i o n  ampl i f i e r s  (Te leme t  Co.,  Model Telechrome 3200). These a m p l i f i e r s  

have a r e l a t i v e l y  high inpu t  impedance (Zin = 50k 2 )  and a wide frequency 

response of from 10 Hz t o  12 MHz (3 dB po in t s ) .  

from 0.5 t o  1.75 with a maximum output  vo l t age  of -2 o r  +1.5 v o l t s .  

a m p l i f i e r s  were o r i g i n a l l y  designed f o r  s i g n a l  d i s t r i b u t i o n  a p p l i c a t i o n s ,  

thus  they  have mul t ip l e  50-ohm outputs .  A peak reading  vol tmeter  is  con- 

nected t o  one of t hese  ou tpu t s  f o r  monitoring t h e  occurrence of t r a n s i e n t  

s i g n a l s  . 

(The s p e c i f i c  

Thei r  g a i n s  are a d j u s t a b l e  

These 

One of the outputs  of each d i s t r i b u t i o n  a m p l i f i e r  is f e d  t o  one channel 

of t h e  Biomation recorder .  The recorder  s t o r e s  a d i g i t a l  (sampled) equiv- 

a l e n t  of t h e  t r a n s i e n t  waveform i n  memory. The s t o r e d  r e p r e s e n t a t i o n  i s  

then  used t o  recons t ruc t  t h e  analog s i g n a l  f o r  d i s p l a y  o r  re-recording a t  

a s lower ra te .  The sample i n t e r v a l  of t h e  Model 8100 can b e  set between 

0.01 vs and 10 sec. The a s soc ia t ed  maximum record t i m e  is 2048 times t h e  

sample i n t e r v a l .  

- + 5 V. Thus, very f a s t  l i g h t n i n g  t r a n s i e n t s  w i th  ampli tudes up t o  5 V can 

be  recorded. (At t h e  t i m e  of t h e  survey,  a 0.1 us sample i n t e r v a l  (205 us 

t o t a l  record  t i m e )  and an input  vo l t age  range of 2 1 V w a s  be ing  used. 

I n  o rde r  t o  record an e n t i r e  t r a n s i e n t  event ,  i t  may be  necessary  t o  use  a 

longer  t o t a l  record t i m e  which can be  obtained by i n c r e a s i n g  the  sample 

i n t e r v a l .  A further a n a l y s i s  of t h e  expected ampli tudes and rise and 

decay times of t h e  induced t r a n s i e n t s  w i l l  need t o  b e  performed before  the  

optimum s e t t i n g s  can ,be  determined.)  

The inpu t  v o l t a g e  range is a d j u s t a b l e  from 2 50 mV t o  

I ,  

The output of t h e  t ransf lent  recorder  is connected t o  a magnetic t a p e  

Also, recorder  so t ha t  t h e  captured waveforms can be permanently s t o r e d .  

as noted previously,  a second output  of t h e  d i s t r i b u t i o n  a m p l i f i e r  is 
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connected t o  a peak-reading vol tmeter  which serves as a backup f o r  t h e  

Biomation recorder .  

The f i v e  twisted-pair  l i n e s  a s soc ia t ed  wi th  the  f i e l d  m i l l  network are 
configured t o  represent  t y p i c a l  s i g n a l  l i n e s  a t  KSC. The conf igu ra t ions  

of t h e s e  l i n e s  are i l l u s t r a t e d  i n  F igure  8. A t  t h e  (d iscont inued)  f i e l d  

m i l l  s i tes  (see F igures  3 through 61, each twisted-pair  l i n e  is terminated 

wi th  a r e s i s t o r  of 1, 100, o r  600 ohms, depending on t h e  type l i n e  being rep- 

resented .  I n  the  Launch Control  Center (LCC), t h e  o t h e r  end of t hese  f i v e  

l ines are terminated according t o  t h e  type  l i n e  being represented .  

i n  Figure 8, a NEFF Instrument Corporation Model 199 d i f f e r e n t i a l  dc a m p l i f i e r  

is connected to  each of t h e  f i v e  l i n e s .  I n  add i t ion ,  two of t h e  l ines  ( t h e  

ones t o  S i t e s  No. 3 and No. 24) have NEFF a m p l i f i e r s  connected single-endedly 

t o  ground. These seven ampl i f i e r s  serve as b u f f e r s  f o r  t h e  terminated 

l i n e s .  These ampl i f i e r s  have an inpu t  impedance of 100 megohms, an  a d j u s t -  

a b l e  ga in  from 1 t o  3000, a maximum output  l e v e l  of 2 10 v o l t s ,  and a f r e -  

quency response of 0 t o  20 kHz. The ga in  of each ampl i f i e r  is set t o  t h e  

maximum l e v e l  t h a t  w i l i  s t i l l  g ive  a reasonably low ambient n o i s e  level. 

These s e t t i n g s  are shown on Figure  8. 

A s  shown 

The output of each NEFF ampl i f i e r  i s  f ed  t o  a channel of an Ampex 

Model FR 1300 magnetic t a p e  recorder .  This  t ape  r eco rde r  t y p i c a l l y  runs  

a t  30 inches  per second which al lows a bandwidth of 10 kHz t o  be  r e a l i z e d .  

One t iming t r ack  and one vo ice  t r a c k  is  a l s o  a v a i l a b l e  f o r  use.  For sub- 

sequent ana lys i s  of t h e  recorded t r a n s i e n t  da t a ,  t h e  output  of t h e  t a p e  re- 

corder  is  f ed  t o  a Honeywell Model 1612 Vis icorder  o sc i l l og raph .  This  

o sc i l l og raph  has a maximum p r a c t i c a l  speed of 40 inches  p e r  second and a 

maximum inpu t  of 5 5 v o l t s .  The osc i l l og raph  a l s o  has  two t iming t r a c k s  

f o r  simultaneously record ing  r e fe rence  time codes. Thus, a permanent mag- 

ne t i c  t ape  record of t h e  t r a n s i e n t s  on the  f i v e  l i n e s  a long  wi th  a t i m e  

r e f e rence  is obtained wi th  t h e  present  s e tup ;  o s c i l l o g r a p h  copies  of t h i s  

d a t a  can be made when needed. 
I 

A t  the  time of Ifhe survey,  no t r a n s i e n t s  had y e t  been recorded on t h e  

two instrumented twinaxia l .  l i n e s .  

d a t a  on t h e  f ive  instrumented twisted-Dair l i n e s  h a s  been recorded: over 

100 20-minute t apes  r ep resen t ing  approximately 3000 f e e t  of t a p e  and approx- 

imate ly  30 hours of record ing  t i m e  hake been obtained.  A sample of t he  da t a  

However, a cons iderable  q u a n t i t y  of t r a n s i e n t  

, .  
1 
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from t h e  twisted-pair  l ines  w a s  b r i e f l y  analyzed t o  e v a l u a t e  t h e  r e s o l u t i o n  

c a p a b i l i t i e s  of t h e  reproduct ion instrumentat ion.  It appears  t h a t ,  w i th  a n  

appropr i a t e  combination of speeds on t h e  magnetic t a p e  r eco rde r  and t h e  

osc i l l og raph ,  s u f f i c i e n t  r e s o l u t i o n  t o  determine t h e  t r u e  c h a r a c t e r i s t i c s  

of t h e  t r a n s i e n t s  can be  obtained. 

of t h i s  recorded d a t a  should be  performed t e f 0 r e . a  f i n a l  eva lua t ion  is made. 

Also,  t h e  e f f e c t s  of frequencv response and maximum amolitude c h a r a c t e r i s t i c s  

of t h e  ins t rumenta t ion  on t h e  measured t r a n s i e n t  waveform should be thor-  

oughly determined . 

However, a more comprehensive a n a l y s i s  

2.3 Surge Coupling Model 

A mathematical su rge  coupling model f o r  determining t h e  l igh tn ing-  

induced t r a n s i e n t s  on a bur ied  coax ia l  c a b l e  due t o  e a r t h  conduction e f f e c t s  

of nearby l i gh tn ing  d ischarges  has  been developed a t  Georgia Tech. 's2 

model has  been programmed i n  FORTRAN I V  language f o r  t h e  CDC Cyber 74 com- 

pu te r .  

t i m e  and a considerable  amount of computer memory. 

This  

As present ly  configured,  i t  r e q u i r e s  approximately 1 hour of running 

The model is  used t o  c a l c u l a t e  t he  vo l t age  and cu r ren t  anywhere along 

the  o u t e r  and cen te r  conductors of t h e  bur ied  coax ia l  cab le  by analyzing 

t h e  coupl ing from a d i r e c t  s t r o k e  t o  e a r t h .  

resented  with a series of po in t  d ipo le s  posi t ionet!  a long t h e  d ischarge  

path above t h e  s u r f a c e  of t h e  ea r th .  

t h e  e a r t h  are ca lcu la ted  from t h e  electromagnet ic  f i e l d  c h a r a c t e r i s t i c s  

of t h e s e  d ipoles .  

i n t e n s i t y  along the  p o s i t i o n  of t h e  bur ied  cable .  

t ransmission l i n e  formulas,  t h e  vo l t age  and c u r r e n t  waves on t h e  outermost 

conductor of  the coax ia l  cab le  are determined from t h e  c a l c u l a t e d  f i e l d  

i n t e n s i t y .  

of t h e  coax ia l  cable are known, t h e  induced v o l t a g e  and cu r ren t  surges  on 

The l i g h t n i n g  channel i s  rep -  

The r e s u l t i n g  f i e l d s  and p o t e n t i a l s  i n  

These c a l c u l a t i o n s  y i e l d  t h e  corresponding e l e c t r i c  f i e l d  

Then us ing  d i s t r i b u t e d  

Once t h e  induced vo l t age  and cu r ren t  su rges  on t h e  o u t e r  conductor 

I 

I ... 
1. Norgard, J. D. and Chek, C. L . ,  ''.FAA Lightning P r o t e c t i o n  Study: 

Lightning-induced Trans i en t s  on Buried Shielded Transmission Lines," 
Report No. FAA-RD-75-108, Contract  DOT-FA72WAI-356, June 1975. 

2. Norgard, J. D. and Chen, C. L., '!FAA Lightning P r o t e c t i o n  Study: 
Lightning-induced Trans i en t s  on Buried Shie  Ld ed Transmission Lines  : 
Numerical Analysis and Resul t s , "  Report.No. SAA-RD-77-83, Contract  
DOT-FA72WAI-356, May 1977. ' 
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t h e  inner  conductor are determined v i a  t h e  use  of t h e  impedance t r a n s f e r  

func t ions  f o r  a coax ia l  cable .  

concen t r i c  s h e l l s  rather than j u s t  one, t h e  appropr i a t e  impedance t r a n s f e r  . 
func t ions  are used r ecu r s ive ly  t o  obta in  t h e  vo l t age  and c u r r e n t  on t h e  

innermost conductor due t o  t h e  vol tages  and c u r r e n t s  on t h e  outermost 

s h i e l d  or armor. 

I f  t he  coax ia l  cab le  is composed of several 

The program used t o  implement the  surge  coupling model r e q u i r e s  va r ious  

input  parameters t o  desc r ibe  t h e  l i gh tn ing  channel,  t h e  c h a r a c t e r i s t i c s  of 

t he  cab le  and the  s o i l  c h a r a c t e r i s t i c s .  

i nc lude  : 

The necessary i n p u t  parameters  
* 

The rise t i m e  and h a l f - l i f e  decay times of t h e  l i g h t n i n g  c u r r e n t ;  

The peak amplitude of t h e  l i gh tn ing  c u r r e n t ;  

The permeabi l i ty  ( E ) ,  t h e  p e r m i t t i v i t y  (PI, and t h e  conduc t iv i ty  (u) 
of t h e  s o i l  a t  t h e  time the l igh tn ing  d ischarge  occurs;  

The perpendicular  d i s t a n c e  from t h e  cable  t o  t h e  l i g h t n i n g  d ischarge  

and t h e  r e l a t i v e  l o c a t i o n  of the  discharge along t h e  cable ,  i .e . ,  

t h e  geometric conf igura t ion  of t h e  cable  r e l a t i v e  t o  t h e  l i g h t n i n g  

d ischarge  ; 

The depth  of b u r i a l  and t h e  length  of t he  coax ia l  cab le ;  

The r a d i u s  of each concentr ic  s h e l l  of t h e  cab le ;  

The permeabi l i ty  ( E ) ,  t h e  p e r m i t t i v i t y  (p), and the  conduct iv i ty  (a) 

of a l l  the  i n s u l a t o r s  and conductors i n  t h e  cab le ;  and 

The cab le  te rmina t ions .  

A f e w  of t h e s e  inpu t  parameters have been o r  can e a s i l y  be determined. For 

example, t h e  c h a r a c t e r i s t i c s  of the l i g h t n i n g  d ischarges  can be obtained 

from l i g h t n i n g  d a t a  t h a t  has been and is being recorded a t  KSC. Also, t he  

r e l a t i v e  geometric conf igu ra t ion  of t h e  l i g h t n i n g  d ischarge  and t h e  bur ied  

cable  can be def ined  from l igh tn ing  l o c a t i o n  d a t a  taken a t  KSC and from the  

r o u t i n g  of  cab le s  as descr ibed  i n  Sect ion 2.1. S imi l a r ly ,  t he  cab le  ter- 

minat ions have been def ined dbring t h e  present  e f f o r t  ( s e e  F igures  7 and 8) .  

A determinat ion of &he o t h e r , i n p u t  parameters, however, w i l l  r e q u i r e  addi- 

t i o n a l  e f f o r t  t h a t  m h t  be t l o s e l y  coordinated wi th  t h e  a n a l y s i s  t o  s impl i fy  

and change t h e  model so t h a t  i t  a p p l i e s  t o  t h e  e x i s t i n g  cab le s  a t  KSC. 

I 

e .  

. .  

The accuracy of t he  ca lcu la ted  induced vo l t ages  and c u r r e n t s  on t h e  

coax ia l  cab le  depends t o  a l a r g e  'extent on the 'accuracy  of the  input  parameters. 
* 
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Of a l l  the  input parameters,  t h e  s o i l  c h a r a c t e r i s t i c s  are t h e  most cr i t ical .  

Small changes in  u, E,  or IJ of t h e  s o i l  can va ry  t h e  magnitude of t h e  cal- 
cu la t ed  r e s u l t s  by a f a c t o r  of 50. 

dependence on the c h a r a c t e r i s t i c s  of t h e  s o i l  may r e q u i r e  a s o i l  monitoring ' 

system t o  provide a r e a l  t i m e  update of t h e  c h a r a c t e r i s t i c s  t o  the  computer. 

However, a f t e r  t h e  model is s i m p l i f i e d ,  i t  may be s u f f i c i e n t  t o  measure 

t h e  s o i l  c h a r a c t e r i s t i c s  over a given per iod of t i m e  and then  use  the  av- 

erage  va lues  as input  parameters. A t  t h e  o t h e r  extreme of parameter dependence, 

t he  d i s t a n c e  between t h e  l i g h t n i n g  d ischarge  and t h e  bur ied  cab le  is t h e  

least s ignig icant  input  parameter because the  coupl ing is inve r se ly  propor- 

t i o n a l  t o  t h e  square of  t h e  d i s t ance .  

For t h e  p re sen t  model, t h i s  c r i t i ca l  

To he lp  iden t i fy  t h e  o r i g i n  of vo l t age  surges  quickly and thus  minimize 

any a s soc ia t ed  launch delays,  a model capable  of providing an answer i n  
near  r e a l  time ( i .e .  wi th in  1-5 minutes) is needed. The model should pro- 

vide a t  least  a q u a l i t a t i v e  estimate of vo l t age  amplitude w i t h i n  a s h o r t  

time. Fur ther ,  t o  avoid having t o  compete wi th  launch-related ope ra t ions  

f o r  computer time, i t  is  des i r ed  t h a t  t h e  su rge  p red ic t ion  model be imple- 

mented on the  minicomputers which are a l r eady  used wi th  the  LDAR system 

and t h e  f i e l d  m i l l  network. I n  order  t o  realize t h e  des i r ed  s h o r t  response 

time and minicomputer compa t ib i l i t y ,  cons iderable  s i m p l i f i c a t i o n  of t h e  

Georgia Tech model  w i l l  be necessary.  

t o  consider  the use  of o the r  less d e t a i l e d  models i n  t h e  i n t e r e s t  of conserving 

running t i m e  and memory space.  

It may prove t o  be more advantageous 

2.4 Accuracy Requirements 

The s p e c i f i c  requi red  measurement accuracy which w i l l  be necessary 

i n  t h e  use  of Georgia Tech's mathematical su rge  coupl ing model can n o t  be  

def ined  u n t i l  a d e t a i l e d  i n v e s t i g a t i o n  of t h e  model has  been performed. 

This i nves t iga t ion  i s  necessary t o  determine how t h e  model can be changed 

and s impl i f i ed  s u c h , t h a t  i t  can be appl ied  t o  the  e x i s t i n g  cond i t ions  a t  
K S C .  However. for some o f . t h e  measurements, genera l  comments on t h e  re- 
qui red  accuracy can be made:, 

c i a t e d  wi th  the geometric conf igu ra t ion  of t h e  bu r i ed  c a b l e s  relative t o  

t h e  l i g h t n i n g  channel. This  conf igura t ion  is def ined  by measurements of 

t h e  d i s t a n c e s  between any po in t  on t h e  c a b l e s  and t h e  l o c a t i o n  of t h e  l i g h t n i n g  

/ .  

One such set  of measurements are those  asso- 
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channel. I n  tu rn ,  t hese  d i s t ances  a r e  determined from t h e  measured lo- 

c a t i o n s  of t h e  l i gh tn ing ,  channel and t h e  rou t ing  of the bur ied  cab le s .  

Thus, t h e  accuracy of t h e  d i s t ances  between t h e  l i g h t n i n g  channel and t h e  

cab le s  depends on the  measurement accuracy used t o  l o c a t e  each one. 

e r r o r s  i n  l o c a t i n g  e i t h e r  t h e  cable  or t h e  l i g h t n i n g  channel do n o t  s ig-  

n i f i c a n t l y  a f f e c t  t h e  r e s u l t s  of the s u r g e  coupling model s i n c e  t h e  r e s u l t  

ca l cu la t ed  by t h e  model i s  inverse ly  p ropor t iona l  t o  t h e  t o t a l  sepa ra t ion  

d i s t ance .  

i n  measuring the  sepa ra t ion  d is tance  is given i n  Table 1. For example, 

i f  t h e  true d i s t a n c e  between a point  on t h e  cab le  and t h e  l i g h t n i n g  channel 

is 5 ki lometers  and t h e  measurement e r r o r s  i n  l o c a t i n g  t h e  s t r i k e  and t h e  

cables  are such t h a t  t h e  t r u e  separa t ion  d i s t a n c e  can only be determined 

wi th in  - + 100 meters (2 28), then the  e r r o r  i n  t h e  model r e s u l t s  w i l l  be 

approximately 4%. 
t r u e  va lue  of a l l  t h e  o the r  model i npu t s  are used; e r r o r s  i n  each of t h e  

o t h e r  i npu t s  w i l l  i nc rease  the  t o t a l  e r r o r .  

. 
Small 

The pe r  cent  e r r o r  i n  the r e s u l t s  f o r  t y p i c a l  per  cen t  e r r o r s  

This  example w i t h  on ly  4% e r r o r  assumes t h a t  t h e  exac t  

During t h e  i n v e s t i g a t i o n  t o  s impl i fy  t h e  model, t h e  c r i t i c a l i t y  of the  

v a r i o u s  inpu t  parameters must be analyzed. F i r s t ,  t h e  accuracy c a p a b i l i t i e s  

of s ta te -of - the-ar t  t r a n s i e n t  instrumentat ion and t h e  accuracy of t h e  model 

r e s u l t s  necessary t o  c o r r e l a t e  the  measured and t h e  pred ic ted  t r a n s i e n t s  

must b e  def ined.  

i n  achieving t h e  requi red  accuracy of t h e  r e s u l t s  must be considered i n  

making s impl i fy ing  assumptions f o r  t he  model. 

ment accuracy of a l l  t h e  parameters be  determined. 

Then t h e  c r i t i c a l i t y  of t h e  model's va r ious  input  parameters 

Only then can t h e  measure- 

I 

I . .. . 
e.. 

I '  
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TABLE 1 

MODEL RESULTS ERRORS FOR TYPICAL 
SEPARATION DISTANCE ERRORS 

Per Cent Error in 
Total Separation 

Distance 

Per Cent Error 
In Results 

-20 
-10 

-5 

-3 
-2 
-1 

-0.5 
-0.25 
-0 .1  
-0.01 
0 
0.01 

0 . 1  
0.25 
0 .5  

1 

2 

3 

5 

10 
20 

-56.2 

-23.5 
-10.8 

-6.3 
-4.1 
-2 .0 

-1.0 
-0.5 

-0.2 
-0.02 
0 

0 .02  

0 . 1  

0 . 5  
1 . 0  

2 . 0  

3 .9  

5.7 
9 . 3  

17.4 

30.6 

I ... . 
. . .  I '  

1 . .  
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. 
3. CONCLUSIONS AND RECOMMENDATIONS 

A s  an i n i t i a l  phase of an e f f o r t  t o  develop a method o f  c o r r e l a t i n g  '*, 

t r a n s i e n t s  on underground cab le s  with t h e  l o c a t i o n s  and c h a r a c t e r i s t i c s  

of known l i g h t n i n g  d ischarges  and t o  develop a method of p r e d i c t i n g  such 

t r a n s i e n t s ,  p re l iminary  i n v e s t i g a t i o n s  of t h e  a v a i l a b l e  l i gh tn ing - re l a t ed  

d a t a  and of t y p i c a l  p o t e n t i a l l y  s u s c e p t i b l e  underground c a b l e s  were performed. 

The f i n d i n g s  r e s u l t i n g  from t h e s e  i n v e s t i g a t i o n s  are presented  i n  Sec t ion  11. 

The fol lowing conclusions and recommendations are based on t h e s e  f i n d i n g s :  

1. 

2. 

3 .  

The gene ra l  r o u t i n g  of the seven instrumented l i n e s  have been 

determined r e l a t i v e  t o  i d e n t i f i e d  roads and d u c t  banks. The 

l i n e s  i n  d i r e c t l y  bur ied  cab le s  and t h e  l i n e s  i n  c a b l e s  routed  

through duct banks were i d e n t i f i e d .  Before proceeding f u r t h e r  

t o  p inpoin t  cab le  loca t ions  p r e c i s e l y ,  i t  w i l l  be necessary  t o  

i n v e s t i g a t e  s i m p l i f i c a t i o n  of t h e  surge  coupl ing model t o  d e t e r -  

mine t h e  accuracy required by t h e  model. 

There are two b a s i c  types of instrumented underground l i n e s  a t  

KSC: tw inax ia l  l i n e s  and twis ted-pa i r  l i n e s .  Fu r the r  work is  

requ i r ed  t o  d e f i n e  t h e i r  s p e c i f i c  c h a r a c t e r i s t i c s ,  e.g. ,  t h e  type  

of s h i e l d i n g  and t h e  e l e c t r i c a l  p r o p e r t i e s  of t h e  s h i e l d s  and 

d i e l e c t r i c s .  

The instrumented l i n e s  at KSC a r e  configured t o  r e p r e s e n t  t y p i c a l  

s i g n a l ,  c o n t r o l ,  and power l i n e s .  One of two types  o f  t r a n s i e n t  

ins t rumenta t ion  is p resen t ly  employed on t h e s e  l i n e s :  (1) a 

Biomation Trans i en t  Recorder on t h e  wide-band twinax ia l  l i n e s ;  

and (2) a NEFF d i f f e r e n t i a l  a m p l i f i e r  on t h e  twis ted-pa i r  l i n e s .  

An a d d i t i o n a l  review o f  the s t a t e -o f - the -a r t  i n s t rumen ta t ion  f o r  

measuring l i g h t n i n g  t r a n s i e n t s  and approaches f o r  monitor ing 

t h e s e  t r a n s i e n t s  should be performed t o  provide  a b a s i s  f o r  

analyzing t h e  e x i s t i n g  instrumentation. For example, t h e  fre- 

quency red'ponse of " t h e  NEFF d i f f e r e n t i a l  a m p l i f i e r  is probably 

so l o w  as t o  c a u i i  d i s t o r t i o n  of t h e  l i g h t n i n g  t r a n s i e n t  waveform. 

A review of e x i s t i n g  monitoring techniques  i s  needed, however, 

before  t h e  r equ i r ed  frequency response  can be determined. 

an i n v e s t i g a t i o n  of the 'expec ted  amplitude and r ise and decay time 

Also, 

1. 
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c h a r a c t e r i s t i c s  must be conducted be fo re  t h e  optimum amplitude and 

frequency response of t h e  in s t rumen ta t ion  is  def ined .  

4. During t h i s  i n i t i a l  phase, t h e  ampli tude and frequency response . 
c h a r a c t e r i s t i c s  of most of the ins t rumen ta t ion  w a s  def ined .  

However, t h e  c h a r a c t e r i s t i c s  of some of t h e  equipment s t i l l  needs 

def in ing .  

(1) t h e  impedance-matching t r ans fo rmers ,  (2) t h e  peak-reading 

vol tmeters ,  and (3) t h e  magnetic t a p e  r e c o r d e r s  used wi th  t h e  

wide-band twinax ia l  lines. 

Th i s  equipment r e q u i r i n g  a d d i t i o n a l  examination inc ludes  

5 .  Data has not  been recorded from t h e  in s t rumen ta t ion  on t h e  wide- 

band tw inax ia l  l i n e s ;  however, numerous magnetic t a p e s  have been 

recorded wi th  measurement r e s u l t s  from the  tw i s t ed -pa i r  l i n e s .  

I n  f a c t ,  t h e  instrumentation on t h e  twis ted-pa i r  l i n e s  is  a c t i v a t e d  

when t h e  K S C  Weather Bureau r e p o r t s  a s torm i n  t h e  v i c i n i t y .  

This p r a c t i c e  r e su l t s  i n  numerous magnetic t apes  t h a t  may, o r  

may n o t ,  have any re levant  l i g h t n i n g  t r a n s i e n t  da t a .  A more 

p r a c t i c a l  and economical approach may b e  t o  only a c t i v a t e  t h i s  

i n s t rumen ta t ion  when da ta  from o t h e r  l i g h t n i n g  p r e d i c t i o n / l o c a t i o n  

i n s t r b e n t a t  i on  such a s  the f i e l d  m i l l  network i n d i c a t e s  t h a t  

t h e  p o s s i b i l i t y  of a l i gh tn ing  d i scha rge  is eminent. Admittedly, 

such a procedure w i l l  r equ i r e  a s u b j e c t i v e  e v a l u a t i o n  of when t o  

a c t i v a t e  t h e  ins t rumenta t ion ,  bu t  i t  may save a cons ide rab le  

amount of magnetic tape. A comprehensive a n a l y s i s  of a l l  t h e  d a t a  

recorded t o  d a t e  should be performed. 

The r equ i r ed  input  parameters t o  Georgia Tech's mathematical  

surge  coupling model have been def ined  i n  Sec t ion  2.3. Some of 

t h e s e  parameters can be determined from t h e  f i n d i n g s  du r ing  t h i s  

i n i t i a l  phase o r  from these f i n d i n g s  i n  conjunct ion  wi th  data 

from e x i s t i n g  l i g h t n i n g  l o c a t i o n  techniques and d a t a  from t h e  

Thunderstorm Research I n t e r n a t i o n a l  Program (TRIP). For example, 

t h e  c a b l e  f e r n i n a t i o n s  and t h e  o v e r a l l  l eng th  of each c a b l e  were 

def ined  du& t h i s  i n i t i a l  phase .  

t h e  l i g h t n i n g  d ischarge  and t h e  underground c a b l e s  can be  determined 

from t h e  measured loca t ion  of t h e  d i scha rge  and t h e  i d e n t i f i e d  

r o u t i n g  of t h e  cab le s .  *Also,  t h e  c h a r a c t e r i s t i c s  of t h e  l i g h t n i n g  

6 .  

I 

The r e l a t i v e  d i s t a n c e  between 
*..  

i 
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channel can be def ined  from TRIP da ta .  Fu r the r  e f f o r t  is nec- 

e s sa ry ,  however, t o  determine the va lues  of t h e  o t h e r  required 

input  parameters such as t h e  c h a r a c t e r i s t i c s  of t h e  cables ,  t h e  

c h a r a c t e r i s t i c s  of t h e  soil, t h e  number of s t r a i g h t  l i ne  segments 

needed t o  r ep resen t  each cable ,  and t h e  l e n g t h  of each s t r a i g h t  

l i n e  segment. 

Georgia Tech's surge  coupling model w a s  developed t o  be used 

f o r  simple bur ied  s t r a i g h t  coax ia l  cab les .  The instrumented 

cab le s  a t  KSC are twinaxia l  and twis ted-pa i rs  rou ted  along a 

combination of curved paths.  

does no t  appear amenable t o  performing t h e  des i r ed  nea r  real time 

a n a l y s i s  on minicomputers a t  KSC. 
formed t o  determine ways to  inco rpora t e  t h e  o t h e r  cab le  types  and 

ways t o  reduce t h e  running time and memory requirements.  For 

example, one approach t o  reducing t h e s e  requirements  would be 

t o  make s impl i fy ing  assumptions about t h e  input  parameters and/or  

the  a n a l y s i s  techniques.  I n  conjunct ion wi th  these  i n v e s t i g a t i o n s ,  

a review of o t h e r  ex i s t ing ,  s impler  su rge  coupl ing a n a l y s i s  tech- 

n iques  should be performed t o  determine t h e i r  r e l a t i v e  u s a b i l i t y .  

The measurement accuracy requirements necessary  in using any su rge  

coupl ing model w i l l  depend t o  a l a r g e  e x t e n t  on t h e  assumptions 

used in t h e  model. Therefore,  de te rmina t ion  of t h e  accuracy re- 

quirements should be accomplished a f t e r  s impl i fy ing  assumptions 

f o r  t h e  s p e c i f i c  surge coupling model have been def ined .  

** 

7. 

The model as i t  p r e s e n t l y  exis ts  

I n v e s t i g a t i o n s  should be per- 

8 .  
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